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摘  要 
过渡金属促成的炔烃活化反应已经在有机化学和金属有机化学领域得到了
广泛应用。其中，计量化的反应可以提供经典的合成子或用于制备金属催化剂。
例如，通过金属直接活化末端炔可以制备亚乙烯基金属化合物 LnM=C=CHR (R 
＝ H, alkyl, aryl, vinyl, etc.)，这类化合物在一些烯烃复分解反应中具有良好的催
化活性，可替代 Grubbs 催化剂。此外，炔烃在一些过渡金属化合物催化下，还




性质，钌–氢配合以及钌的 Tp (Tp = tripyrazolylborate)配合物与末端炔反应的研
究进展。 后，阐述了本论文的设想与主要研究内容。 
第二章考察了 RuCl2(PPh3)3 与末端炔烃 HC≡CR (R = CMe3, Ph, SiMe3)的反
应，分离得到了这些反应过程中相似的中间体，三氯桥连单亚乙烯基双核钌化合
物(PPh3)2ClRu(μ-Cl)3Ru(=C=CHR)(PPh3)2 (R = CMe3, Ph, SiMe3)。这些中间体也可
通过(PPh3)2ClRu(μ-Cl)3Ru(Me2CO)(PPh3)2 与 HC≡CR (R = CMe3, Ph, SiMe3)反应
得到。在过量炔的存在下，(PPh3)2ClRu(μ-Cl)3Ru(=C=CHR)(PPh3)2 可与 HC≡CR








及上述两个金属有机化合物对 HC≡CSiMe3 二聚的催化活性。RuHCl(PPh3)3 和
























的产物 RuTp(H2IMes-H)(PPh3)，该化合物与末端炔烃 HC≡CR 反应生成炔基配位





















The activation of alkynes by transition metals has resulted in a wide variety of 
useful synthetic strategies for organic and organometallic syntheses. Stoichiometric 
reactions of terminal alkynes with transition metal complexes can provide metal 
catalysts and classical synthons for organometallic synthesis. For example, activation 
of terminal alkynes by coordinatively unsaturated compounds can afford vinylidene 
complexes LnM=C=CHR (R = H, alkyl, aryl, vinyl, etc.), which have been shown to 
act as an alternative to Grubbs′ catalysts for olefin metathesis. Moreover, alkynes can 
be converted into a number of useful C-C coupling products by means of transition 
metal catalyzed reactions such as dimerizations, alkyne-arene coupling reactions and 
alkynylations of aldehydes.  
In view of the rich reactivity between transition metal complexes and terminal 
alkynes, the reactions of a series of ruthenium complexes with terminal alkynes have 
been investigated in this thesis. This thesis consists of the following five parts. 
In chapter 1, the synthetic routes and general properties of vinylidene complexes 
together with the research progress of the reactions of ruthenium hydride complexes 
and triparozolylborate (Tp) ruthenium complexes with terminal alkynes are briefly 
reviewed. In addition, the research objectives of the thesis are presented.  
Chapter 2 describes the reactions of RuCl2(PPh3)3 with HC≡CR (R = CMe3, Ph, 
SiMe3). The common analogue intermediates of these rections, the dinuclear 
monovinylidene complexes (PPh3)2ClRu(μ-Cl)3Ru(=C=CHR)(PPh3)2 (R = CMe3, Ph, 
SiMe3) have been successfully isolated, which could be alternatively prepared from 
the reactions of (PPh3)2ClRu(μ-Cl)3Ru(Me2CO)(PPh3)2 with HC≡CR. Reactions of  
(PPh3)2ClRu(μ-Cl)3Ru(=C=CHR)(PPh3)2 with excess HC≡CR led to the formation of 
the corresponding mononuclear vinylidene complexes RuCl2(=C=CHR)(PPh3)2 (R = 
CMe3, Ph). Treatment of RuCl2(PPh3)3 with excess HC≡CSiMe3 under heating 

















 Chapter 3 is about the reactivity of the ruthenium hydride complex 
RuHCl(PPh3)3 towards terminal alkynes HC≡CR (R = CMe3, SiMe3, Ph). Reaction of 
RuHCl(PPh3)3 with HC≡CSiMe3 at room temperature generated the acetylide 
complex RuCl(PPh3)3(C≡CSiMe3), while the vinylidene-acetylide coupling product 
RuCl(=C=CHSiMe3)(C(C≡CSiMe3)=CHSiMe3)(PPh3)2 was obtained under heating 
condition. Dimerization of HC≡CSiMe3 catalyzed by RuHCl(PPh3)3 and the related 
organometallic intermediates have also been studied. Treatment of RuHCl(PPh3)3 with 
HC≡CCMe3 led to RuCl(=CCMe3CH=CCMe3-η
3-CHCHCHCMe3)(PPh3) as the 
major product derived from trimerization of the alkyne via alkyne-vinyl coupling, yet 
the minor part was the acetylide complex RuCl(PPh3)3(C≡CCMe3). Hydrolysis of the 
latter complex produced RuCl(CH2CMe3)(CO)(PPh3)2. However, treatment of 
RuHCl(PPh3)3 with HC≡CPh produced the alkyne trimerization products  
(3,5-diphenylbiphenyl-4-yl)triphenylphosphonium chloride and  
[(1,2,3,4,5-η)-1,3,6-triphenylcyclohexadienyl]RuCl(PPh3). 
In chapter 4, the synthesis and reactivity of ruthenium complex simultaneously 
containing Tp and NHC ligands are described. Treatment of RuTpCl(PPh3)2 with 
N-heterocyclic carbene (NHC) ligand H2IMes(H)(OCMe3) resulted in the 
cyclometalated complex RuTp(H2IMes-H)(PPh3), which reacted with HC≡CR (R = 
CMe3, Ph) to give the acetylide-carbene complexes RuTp(H2IMes-2H)(C≡CR). 
In the final part, chapter 5, the general conclusions of this thesis are summarized. 
 
Key words: Ruthenium; Terminal Alkyne; Ruthenium hydride complex; Tp 















Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
